Abstract-In this letter, we propose a selection amplify-andforward (AF) relaying scheme which has the lower outage probability than that of a conventional AF relaying scheme in cooperative relay networks. In real wireless environments, as the channel of source-to-destination (SD) link varies with an increase in time, we can also obtain a diversity gain through the SD link by retransmission in common with a conventional AF relaying scheme. Thus, we can expect a performance enhancement by adaptively determining the transmitting node between the relaying and source nodes. We propose a method for adaptively determining between AF relaying and retransmission schemes, and show that the additional diversity gain can be obtained by the proposed scheme.
I. INTRODUCTION

I
N cooperative relay networks, relaying nodes can forward information from a single antenna terminal to form a virtual antenna array, and thereby achieving space diversity and improving the system performance, hence cooperative communications have attracted much attention in recent year [1] . The relaying nodes essentially operate in either amplifyand-forward (AF) and decode-and-forward relaying modes, which are basic for various evolved relaying schemes.
The performance of relaying schemes strongly depends on the channel condition of source-to-relay (SR) link. Thus, if SR link is under a poor condition, repeated transmission (RT) through source-to-destination (SD) link can be a better option than using relaying nodes, from such a point the adaptive selection scheme between relaying and RT schemes was proposed [2] - [3] . In addition, the adaptive selective relaying scheme which determines the best among multiple AF relaying nodes having the maximum received SNR through the SR link was proposed, and its performances of outage [4] , channel capacity [5] , symbol error rate [6] were analyzed.
In the literature, the proposed selective or selection AF relaying schemes are operated only based on the quality of Manuscript SR or relay-to-destination (RD) link. This is due to the fact that the SD link was assumed as a time invariant channel, thereby no diversity gain is obtained from the RT scheme.
Recently, it was shown that the SD link varies with an increase in time from a practical system point of view, thus diversity gain is also obtained through the SD link [7] . Therefore, a new threshold for selecting the transmitting node during the second phase is required considering SD and SR link qualities simultaneously. In this letter, we propose an adaptive selection AF relaying scheme with a new threshold, and show that the additional diversity gain can be obtained by the proposed scheme.
II. SYSTEM MODEL
We consider the cooperative relay system illustrated in Fig. 1 . During the first phase, the source node broadcasts its information to both the relaying and destination nodes, and during the second phase which node is better than another is determined. We define the channel coefficient of AB link during p th transmitting phase as h 
where μ A and x A are x and √ λ s P when node A is the source node, or y
SR and λ r P/(λ s P |h
when node A is the relaying node, respectively. Herein, P indicates the available transmitted power, and λ A is an arbitrary positive value for node A. In order the relaying node to determine the transmitting node during the second phase, the received SNR of SR link should be estimated [8] . At the destination node, the received signals are combined using a maximal ratio combiner (MRC) to maximize the overall SNR.
III. OUTAGE PROBABILITY OF S-AF RELAYING SCHEME From (1), the maximum average mutual information of the AF relaying scheme, I AF , can be reformulated [2] as
(2) where γ = P/N 0 . The relaying node can estimate the received SNR from the source node, we designate the received SNR as β, i.e., β = γλ s |h SR | 2 . From (2), the outage event for spectral efficiency R is given by I AF < R and is equivalent to the event
where g(γ, R) = (2 2R − 1)/γ. We first derive the conditional outage probability of the AF relaying scheme with respect to β from (3). With the two ranges of β > (2
SD | 2 , the conditional outage probability of the AF relaying scheme can be expressed as (4) at the top of the next page. In (4), P B , P D are probabilities of the two ranges, and P A , P C are the corresponding conditional outage probabilities, respectively.
For a sufficiently large γ range, we approximate the probabilities of P A , P B , P C and P D . Marking λ s |h (1) SD | 2 with S, then P A can be written as (5) on the next page. In the first equality of (5), P S (s) indicates probability density function (PDF) of random variable S, in the second equality of (5) we used the change of variables S = S/g(γ, R). As γ approaches infinity, the value within the square bracket in the second equality of (5) is approximated as λ
In (4), P B can also be approximated as
where max(· , ·) is a function selecting the maximum value between them. Moreover, we can simply derive the probability P C as 1 since 1/|h RD | 2 is always greater than zero.
Similarly with (7), we can approximate P D as
From (4), (6), (7), (8) and (9), the approximate conditional outage probability of the AF relaying scheme with respect to β can be given by
On the other hand, during the second phase the source node can retransmit the previous signal instead of the relaying node. From (1) and [7, Eqn. (11) ], the outage probability of the RT scheme can be approximated as
where α is the correlation coefficient of h
SD and h
SD . From (10) and (11), the relaying node can choose the transmitting node during the second phase. For β ≥ 2 2R − 1, the relational expression for comparison is the same as
where
. Herein, the destination node should inform the relaying node about the variances of the SD and RD channels and the correlation coefficient of the SD channel for selection. In (12), for δ 2R − 1 can be defined as
For a sufficiently large γ value, the outage through the SR link can be ignored, thus, P Out AF (γ, R|β > ζ) can be approximated [9] as
is satisfied. For a sufficiently large γ value, (13) is approximated as
For β < 2 2R − 1, from (10) the highest-order with respect to 1/γ is one. Therefore, for this case the RT scheme is better choice in outage probability point of view.
Finally, β is also a random variable, the probabilities of β ≥ 2 2R −1 and β < 2 2R −1 can be respectively approximated as
From the previous results, the approximate outage probability of the proposed S-AF relaying scheme, for a sufficiently large γ value, is given by (18) at the top of the next page. The proposed S-AF relaying scheme especially provides high performance enhancement with good channel qualify of the RD link. As δ
The outage probability of the conventional AF relaying scheme [2] is approximated as From (19) and (20), as δ 2 RD → ∞, the outage probability of the proposed S-AF relaying scheme decreases as inversely proportional to γ 3 , while that of the conventional AF relaying scheme decreases with the second-order of 1/γ.
IV. DISCUSSIONS
In this section, we describe our numerical and MonteCarlo simulation results as a validation of the proposed S-AF relaying scheme. For comparison, we plot the outage probability of the S-AF relaying scheme with those of the conventional AF relaying and RT schemes. Unless otherwise specified, we set λ s = λ r = 1, α = 0.8, R = 1 b/s/Hz. Fig. 2 plots the outage probabilities of the three schemes for the case that the channel conditions of the three links are equivalent. Given the assumptions, the proposed S-AF relaying scheme gives around 1.5 dB SNR gain, while the performance of the conventional AF relaying scheme is similar with that of the RT scheme. 
SD | 2 and |h (2) SD | 2 are simultaneously bad. In Fig. 4 , the asymptotic outage performance of the proposed S-AF relaying scheme outperforms those of the other schemes in the range of α. The proposed S-AF relaying scheme determines better transmission scheme, and thereby always guarantees lower outage probability than the individual schemes. In particular, for a sufficiently good channel quality of the RD link, the outage performance largely gets better.
V. CONCLUSIONS
In this letter, we proposed a selection AF (S-AF) relaying scheme. Firstly, we suggested a relational expression for selecting between the two schemes, and derived the corresponding approximate outage probability based on the relational expression. In addition, through the Monte-Carlo simulations and numerical evaluations, we showed that the S-AF relaying scheme gives better performance than the conventional AF relaying scheme. In particular, the S-AF relaying scheme is more effective when the channel of the RD link is good, for example, the relaying node is close to the destination node. 
